.21/02.2005 Iff: 38 FAX 61 3 92438333 GRIFFITH HACK / £ £ Q 5 Q 12,184 



PCT/AU2003/0Q1 1 18 
Received 30 November 2004 

wtmzmmifir 2 8 m mm- 

- 3 - 



nanotubes either side-to-side or end-to-end 
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The inventors have now developed a process ?2 

have d^f nan0tUbe6 ' ^-tantiy, the inventors 85 

have developed a process, which allows linkage df 

nanotubes either side-to-side or end-to-end, thereby ^ 

hIvTll Cal i y 1 ? CreaSln * the ^ usefulness. The inventors £ 

X Tn 3 Pr ° CeSS ° f ^ sica ^V modifying the P 

the Whil ° P~ aervin * the sp* stricture of g 

the nanotubes and thus their electronic characteristics . £ 

na^,* T * haVe alS ° devel °P ed * »*thod for locating ™ 
nanotubes to specific targets. The inventors hav4 also 
developed techniques which allow DMA patterning En 
nanotubes as well as the creation of multiple layers of 
nanoparticles on the surface of nanotubes. j 

m ethQ H ^ ^ br ° adest "Pect, the invention provides a . 

method of chemically attaching nucleic acid molecules to 

nan ° tUbeS - ThG invention also provides a 
method of physicaliy attaching nucleic acid molecules to 
nan ° tubes « invention also provides a 

° f 1±nkln * the3e nanotubes. Further, the > invention 
provides a process wher»h u . 



* **■ , Liie invent 

»™ < , Process whereby nanotubes may be directed to 

specific locations. i 

25 Accordingly, in a first aspect, the present 

invention provides a nanotube with one or more nucleic 
acid molecule (s) attached thereto. ] 
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In a second aspect, the invention provides e 
elthet- ° f ChemlCally «KU*yin ff a nanotube comprising 

i 

atta( , h (i ' / } chemically attaching at least one [linker 
attached to one or more nucleic acid molecules to an 
optionally f unctionalised nanotube, wherein saidllinker 
consists wholly pr partly of a functional group ^ 

the"! *k " hen nanotube functlonalisedlwith co 2 H, 

then the linker is not a primary aliphatic alkyl [amine; 
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b) synthesising at least two nucleid acid 85 
molecules, by sequential addition of nucleotides, in situ, % 
starting from said one or more nucleic acid molecules; or ^ 
5 t t } a> ch « lo » ll y attaching at least one| linker § 

attached to one or more nucleic acid molecule to! an § 
optionally functionalised nanotube, wherein said? linker > 
consists wholly or partly of a functional group,: and {2 
b) synthesising at least two nucleic^ acid HI 
10 I'h I ^ SeqUent±al Edition of nucleotides; in situ, 
starting from said one or more nucleic acid molecules; or 
an J! 11 ^! ^emically attaching at least onef linker to 
an optionally functionalised nanotube, wherein skid linker 
consists wholly or partly of a functional group; iand 

b) attaching one or more nucleic acid 
molecules to said optionally functionalised nanotube via 
said functional group on. said linker; or * j 

*n „ IV Chemicall y attaching at least one* linker to 

an optionally functionalised nanotube, wherein said linker 
consists wholly or partly of a functional group, {and. 

b) synthesising one or more nucleic acid 
molecules, by sequential addition of Nucleotides ■ in situ 
starting from said functional group on said linker. 

- In a third aspect, the invention provides a 
25 either- ° f ChemiCally «*«yi»9 * nanotube comprising 

(i) a) photochemically attaching at leasj one 
linker attached to one or more nucleic acid molecules to 
an optionally functionalised nanotube, wherein said linker 
consists wholly or partly of a functional group,- ; and 

b) synthesising at least two nucleic :acld 
molecules by sequential addition of nucleotides in situ, 
starting from said one or more nucleic acid molelules; or 

Ui> a) photochemically attaching at leas* one 
linker to an optionally functionalised nanotube, Iwherein 
the linker consists wholly or partly of a functional 
group; and 1 

i 
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b) 
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attaching one or more nucleic acijd CD 

molecules to said optionally f unctionalised nanLe via S 

said functional group on said linker; or { 25 

lin J\ ll) a> Pnotochemically attaching at leasfc one ^ 

the llnT " ° Pti0na11 ^ Unctionalised nanotobe,- wherein £ 

IrluT I" - — - - • -unct^nal ~ * 

i b> s y nthes ising one or more nucleic Lid 

rtarr?n eS ; ** Se<3U6ntial add "ion of nucleotides^ situ 
starting fro m said functional group on said XinlcLr, 

m ^ ^ In 3 fourth awct, the invention provides a 
* hV3 ^y - di ^ng a nanotuhe coming 

attached PhySiCall y adsorbing at least one[ anchor 

surface of ^ T^* tt the 

sa^f ! ° Ptl ° nall y ^unctionalised nanotubet wherein 

"o^r C ° nSiStS Wh ° lly ~ a functional 

mQ . , b) aWhesising at least two nucleic! acid 

Martin", ^ Se<3Uential •* nucleotides L sL, 

starting from said functional group on said anchor; Or 

(xi) a, physically adsorbing at least one] anchor to 



the SU rf a * — " viUA "y at xeast one ; anc 

wherein saL OPt± ° na1 ^ f-ctlonaiised nanofube, 

wherein said anchor consists wholly or partly of fa 
25 functional group; and partly off a 

acid mono b i ChemiCall y attaching one or more Lcleic 
adsorb rf k *° fUnCti ^ 1 ««>up on said jnchor 

adsorbed on the optionally functionalised nanotuL or 

30 attach^ to o PhySi<=ally adsorbing at least oneTanchor 
surface r °* ^ ^ ^leCUles t* the 

slid Z H " OPti ° na1 ^ unctionalised nanotubel wherein 
p nCh ° r C ° nSlStS Who1 ^ - P-«*Y - a functional 



35 m ^ , b> s ynthesising one or more nucleic acid 
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CD 

In a fifth aspect, the invention provides a CO 
Plurality of linked nanotubes. ! S£{ 

In a sixth aspect, the present invention "> 
provides a method of linking nanotubes comprising the ' S 

steps of i \ 2 

a) attaching a first nucleic acid molecule of 
a first base sequence to a first optionally f unctionalised 
nanotube; and 

b) hybridizing the first nucleic acija molecule 

with 



Amended Sheet 
IPEA/AU 



fir* *> city i 



10 



21/02 2005 16:39 FAX 61 3 92438333 GRIFFITH HACK ©188 

PCT/AU20O3/0O1 1 18 
Received 30 November 2004 

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS?: «J 

A nanotube with one or moire nucleic ac&d $5 
molecule (s) attached thereto. '< § 

1 C 

A method of chemically modifying a nanotube m 
comprising either: j fX 

(i> a) chemically attaching at least onej linker 
attached to one or more nucleic acid molecules tp an . 
optionally £ unctionallsed nanotube, wherein saidj linker 
consists wholly or partly of a functional group With the 
proviso that when the nanotube is f unctionallsed! with CO,H, 
then the linker is not a- primary aliphatic alkyl! amine; 
and 

15 b > synthesising at least two nucleic a|=id 

molecules, by sequential addition of nucleotidesj in situ, 
starting from said one or more nucleic acid raole&ules; or 

(ii) a) chemically attaching at least one linker 
attached to one or more nucleic acid molecule tof an 
optionally f unctionallsed nanotube, wherein saidj linker 
consists wholly or partly of a functional group; J and 

b) synthesising at least two nuclei-el acid 
molecules, by sequential addition of nucleotides! in situ, 
starting from said one or more nucleic acid moleiules; or 
25 (iii)a) chemically attaching at least onej linker to 

an optionally f unctionallsed nanotube, wherein s*id linker 
consists wholly or partly of a functional group; j and 

b) attaching one or more nucleic aci<k 
molecules to said optionally f unctionallsed nanotube via 
said functional group on said linker; or ' 

(iv) a) chemically attaching at least one I linker to 
an optionally f unctionallsed nanotube, wherein s|id linker 
consists wholly or partly of a functional group; jand 
b) synthesising one or more nucleic icid 
35 molecules, by sequential addition of nucleotidesfin situ, 
starting from said functional group on said linker. 
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3 - A method of chemically modifying a nanotube JJJ 

comprising either: \ 2j 

(i) a) photochemically attaching at leasft one ^ 
linker attached to one or more nucleic acid molecules to ^ 
5 an optionally f unctionalised nanotube, wherein siald linker 
consists wholly or partly of a functional group;} and 

(b) synthesising at least two nucleic acid! molecules 
by sequential addition of nucleotides In situ, sjtarting 
from said one ox more nucleic acid molecules; or? 
10 (ii) a) photochemically attaching at leasct one 

linker to an optionally functional ised nanotube,.; wherein 
the linker consists wholly or partly of a functional 
group; and 

b) attaching one or more nucleic acljl 
15 molecules to said optionally f unctionalised nanotube via 
said functional group on said' linker; or j 

(iii)a) photochemically attaching at leasjt one 
linker to an optionally f unctionalised nanotube,! wherein 
the linker consists wholly or partly of a functional 

20 group; and » 

* 

b) synthesising one or more nucleic ^icid 
molecules, by sequential addition of nucleotides! in situ r . 
starting from said functional group on said linker. 

i 

25 4 - A method of physically modifying a nanptube 

comprising either: ; 

<i) (a) physically adsorbing at least dnel anchor 
attached to one or more nucleic acid molecules to the 
surface of an optionally f unctionalised nanotubey wherein 
said anchor consists wholly or partly of a functional 
group? j 

b) synthesising at least two nuclejcj acid 
molecules by sequential addition of nucleotides situ, 
starting from said functional group on said anchbr; or 
35 ( i:L ) a) physically adsorbing at least one! anchor to 

the surface of an optionally functionalised nanotube, 
wherein said anchor consists wholly or partly off a 

i 

lt\unwi^kMp\ipicl\r(>l«)» C9XAO |afto tut>« m . doc M/ll/04 
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functional group; and 

b) chemically attaching one or more hucleic 
acid molecules to said functional group on said janchor 
adsorbed on -the optionally functionalised nanotube; or 
5 (iii)a) physically adsorbing at least onej anchor 

attached to one or more nucleic acid molecules tb the, 
surface of an optionally functionalised nanotubel wherein 
said anchor consists wholly or partly of a functional 
group; j 

*0 b) synthesising one or more nucleic acid 

molecules, by sequential addition of nucleotides? in situ, 
starting from said functional group on said anchor, 

\ 

5. A method of linking nanotubes comprising the 

.15 steps of: j 

a) attaching a first nucleic acid mojLecule of 
a first base sequence to a first optionally f uncjtionalised 
nanotube; and . j 

b) hybridising the first nucleic aciji molecule 
20 with a second nucleic acid molecule of a second base 

sequence attached on a second optionally f unctiojialised 
nanotube, wherein the base sequence of the second nucleic 
acid molecule is substantially complementary to j^he base 
sequence of the first nucleic acid molecule. ♦ 

i 

€. A method of linking nanotubes comprising the 

steps of: { 

a) attaching a first nucleic acid molecule of 
a first base sequence to optionally functionalised 

30 nanotubes; and \ 

b) hybridising the first nucleic acid molecule 
with a second nucleic acid molecule which comprises a base 
sequence substantially complementary to the first base 
sequence and further comprises a second or a thiird base 

35 sequence which is /are not complementary to the first base 
sequence, but is/are complementary to each j 
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